149 THE BILATERAL EFFECTS OF UNILATERAL KNEE BRACING FOR THE TREATMENT OF MEDIAL KNEE OSTEOARTHRITIS  by Zifchock, B.A. et al.
Poster Presentations / Osteoarthritis and Cartilage 18, Supplement 2 (2010) S45–S256 S73
Results: 15 outliers out of 400 measurements were identiﬁed and removed.
No indication of heteroscedasticity was observed.
For single-joint maximal peak power the observed CVws ranged from
7-25% and for multi-joint maximal peak power from 20-22%. For the
three functional performance measures (20 m walk, 5 times chair stands,
maximal number of knee bends/30sec) the CVws were 5%, 14%, and 17%,
respectively.
A systematic and signiﬁcant improvement was observed for the multi-joint
maximal peak power (p=.0046, CI -28.8;-6.13), 5 times chair stands (p=.004,
CI 0.96;2.66) and 20 m walk (p=.0037, CI 0.16;0.68) indicating a learning
effect.
A decrease in pain was found after testing (VAS change score) (p=.0005, CI
-1,64; -.55).
Conclusions: Familiarization sessions are needed to avoid learning effects
when testing muscle function. Single-joint and multi-joint muscle power
over the hip and knee, and functional performance measures, can be
evaluated with moderate to good reliability in patients with severe OA. The
test battery was feasible for elderly patients with severe OA as indicated by
no increase in pain after testing.
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MEASUREMENT OF COMPLEXITY IN LEG MOTION PATTERNS FOR
QUANTIFICATION OF GAIT IMPAIRMENTS IN ADULTS WITH
SYMPTOMATIC KNEE OSTEOARTHRITIS
Y. Tochigi, N.A. Segal, T.D. Brown
Univ. of Iowa, Iowa City, IA
Purpose: A concept called the “loss of complexity hypothesis” regards
healthy conditions in biological systems to be characterized by high system
complexity (chaotic property), while a decrease of system complexity is
associated with pathology. This concept is consistent with the clinical ob-
servation that patients with a joint disorder exhibit monotonic leg motion
patterns to protect the symptomatic site from loading (i.e., limp). Mea-
surement of complexity in leg motion patterns during walking conceivably
allows quantitative evaluation of physical function. This study explored
the relationship of the complexity of leg motion patterns during gait for
functional impairments in older adults with symptomatic knee OA. The
hypothesis was that OA subjects with poorer lower limb function would
walk with less complex (i.e., more monotonic) leg motion patterns.
Methods: Fifty-four volunteers (54 - 87 years) with symptomatic knee OA
were recruited with IRB approval. In a timed long distance corridor walking
test, these subjects were asked to walk 400 meters (10 laps of a 20 meter
walkway) at the fastest pace that they could maintain for that distance
(or if they felt unable to walk 400 meters, then to walk for 2 minutes
at their fastest pace). Leg motions during walking were measured using a
light-weight wireless activity monitoring system, attached bilaterally just
above each ankle. This device measured/recorded tri-axial accelerations of
the lower leg segment, at a sampling rate of 40 Hz. The data recorded
were analyzed to compute a chaotic non-linear measure “sample entropy
(SampEn).” SampEn (m, r, N) quantiﬁed the complexity of a time-series
data set consisting of N data points, by assessing the probability that equal
sequences of length m (time-points) would remain similar after a single
time-point increment. The degree of similarity was determined by the
tolerance r. The output was a unitless, non-negative number where lower
values indicate more monotonic motion patterns, and higher values more
complexity. This complexity measure was calculated for acceleration data
in each direction (anterior-posterior, proximal-distal, and medial-lateral),
as well as for the 3D acceleration data, every 10 seconds (N = 400),
with the other parameters set at baseline values: m = 2 and r = 0.2. De-
grees of association of these measures with validated functional measures
(including the advanced and basic lower-limb components of Late Life
Functional Disability Index, and the pain component of Knee Injury and
Osteoarthritis Outcome Score) was tested by means of Pearson’ correlation,
with signiﬁcance level alpha set at p = 0.05.
Results: The complexity measure for medial-lateral acceleration data had
a signiﬁcant correlation with the advanced lower-limb functional score
(r=0.34, p=0.01, Figure 1), and a near-signiﬁcant correlation with the pain
score (r=0.26, p=0.05, Figure 2). Signiﬁcance of correlation coeﬃcient was
not evident in this complexity measure with the basic function score, as
well as in the other complexity measures with any function measures.
Conclusions: The complexity analysis for the medial-lateral acceleration
time series supported the loss of complexity hypothesis in knee OA.
Given that OA knees often have coronal-plane malalignment, the reported
Figure 1. Correlation of M-L motion
complexity with advanced lower-limb
function.
Figure 2. Correlation of M-L motion
complexity with knee pain.
abnormality may be associated with reduced ability to accommodate load
re-distribution between medial/lateral compartments.
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OSTEOARTHRITIS VIA CENTER OF PRESSUREMODULATION:
A PROSPECTIVE GAIT ANALYSIS STUDY
A. Haim1,2, A. Wolf2
1Dept. of Orthopedic Surgery B, Sourasky Med. Ctr., Tel Aviv, Israel;
2Biorobotics and Biomechanics Lab (BRML), Faculty of Mechanical Engineering,
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Purpose: The knee adductor moment provides a major contribution to the
elevated medial compartment joint load and has been proposed to play
a key role in the pathogenesis of osteoarthritis (OA) of the knee. A novel
biomechanical apparatus enabling controlled, customized manipulation of
the foot’s center of pressure location, have previously been shown to
reduce the magnitude of adduction moment about the knee in healthy
participants. However, the relationship between the center of pressure and
the knee adduction moment in knee OA patients has yet to be determined.
The aim of this study was to assess the effect of the location of the center
of pressure and the magnitude of the knee adduction moment during gait
in medial compartment knee OA.
Methods: A novel foot-worn biomechanical device which allows controlled
manipulation of the center of pressure location was utilized. Successive gait
analysis testing and simultaneous pedobarographic analysis was performed
on 25 healthy men under four different conditions: control, neutral sagittal
axis, center of pressure shifted medially and laterally from the functional
sagittal axis.
Results: A signiﬁcant correlation was found between the knee adduction
moment during the stance phase and the shift of the center of pressure
from the functional neutral sagittal axis in the frontal plane (i.e., from
medial to lateral). The moment was reduced with the lateral sagittal axis
conﬁguration and augmented with the medial sagittal axis conﬁguration.
Conclusions: The study results conﬁrm the hypothesis of a direct correla-
tion between the location of the center of pressure and the coronal kinetics
of the medial compartment osteoarthritic knee.
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THE BILATERAL EFFECTS OF UNILATERAL KNEE BRACING FOR THE
TREATMENT OF MEDIAL KNEE OSTEOARTHRITIS
B.A. Zifchock, Y. Kirane, L. Gulotta, G. Garrison, H. Hillstrom
Hosp. for Special Surgery, New York, NY
Purpose: Many patients with osteoarthritis (OA) initially present with
unilateral symptoms that progress to the contralateral limb. Thus, it is
important to understand the effects of treatment on disease progression
in both the involved (treated) limb and the uninvolved (untreated) limb.
Therefore, the purpose of this study was to examine the short and long-
term effects of unilateral knee bracing on disease progression in both the
involved and uninvolved knees in patients with knee OA. The brace was
expected to reduce knee pain, adduction angles, and abduction moments
over time in the involved limb and no changes were expected in the
uninvolved limb.
Methods: As part of an ongoing study, 6 subjects (66±8 yrs; 79.1±8.2 kg;
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1.7±0.1 m) with unilateral medial knee OA were included. All subjects
were K-L grade 2 - 3 on their involved knee and were asymptomatic
on their uninvolved knee. Subjects wore a custom Össur Unloader One
knee brace and standardized footwear (New Balance 576) throughout a
12-month intervention period. Pain with stair ascent/descent was assessed
using a 100mm visual analog scale, and instrumented gait analyses were
performed at baseline, 1-week, 4-months, and 12-months. With the ex-
ception of baseline, data were collected in both the braced and unbraced
conditions. Adduction angles and (internally-referenced) abduction mo-
ments were assessed in both the involved and uninvolved knees. A 2-way
repeated-measures ANOVA compared pain between limbs throughout time.
Linear mixed-models, covaried for walking speed identiﬁed the effects of
limb and time, as well as bracing status and time, on angles and moments.
Post hoc testing was carried out when statistically appropriate and p<0.1
was considered signiﬁcant.
Results: The results are shown in Table 1. There was a signiﬁcant in-
teraction of time and limb for pain (p=0.08). Follow-up testing showed
a signiﬁcant effect of time on the involved limb only, where pain was
decreased from baseline to all other timepoints (p<0.09 for all). As com-
pared to the uninvolved knee, the involved knee exhibited consistently
larger adduction angles and abduction moments over time, and abduction
moments were consistently larger in the involved limb when the brace
was worn. For both limbs, abduction moment was signiﬁcantly increased
at 12-months as compared to all other timepoints (p<0.04 for all).
Table 1. Knee pain, angles, and moments between limbs and bracing status, throughout
time
Mean (SD) and p-values, *signiﬁcant interaction.
Conclusions: The results of this preliminary analysis suggest that pain is
immediately reduced in the treated knee, with no concurrent changes in
the symptoms of the untreated knee. The involved knee exhibited more
functional genu varum than the uninvolved knee, and the differences
between limbs were maintained over time. However, despite treatment,
both limbs appeared to experience signiﬁcant declines in biomechanical
function (increased abduction moments). The reason for this ﬁnding is
unclear. It is possible that, in the presence of pain reduction subjects may
decrease gait compensations, revealing the extent of their aberrant gait
mechanics. The rigidity of this lightweight brace may not be suﬃcient to
prevent the subjects’ uncompensated gait patterns.
Acknowledgements: The authors gratefully acknowledge Össur for provid-
ing braces and New Balance for providing footwear for our subjects.
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VALIDITY OF A CLINICAL TEST OF ASSESSING DYNAMIC KNEE ALIGNMENT
DURING A SINGLE-LIMBMINI SQUAT
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1Lund Univ., Lund, Sweden; 2Univ. of Melbourne, Melbourne, Australia; 3Univ.
of British Columbia, Vancouver, BC, Canada; 4Univ. of Southern Denmark,
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Purpose: It has been suggested that muscle function inﬂuences the
outcome after knee injury and the development and progression of
osteoarthritis. Quantitative measures of muscle function, such as muscle
strength and hop tests, are usually employed. However, the quality of
movement may also be important. One component of movement quality
is dynamic alignment. The medio-lateral position of the knee relative to
the hip and ankle joints during functional activity is thought to indicate
movement quality. Although clinical methods of assessment are needed,
they have not been validated. The aim of this cross-sectional study was
to validate an observational clinical test used for assessing the position of
the knee in relation to the foot. A three-dimensional (3D) motion analysis
system was used for this purpose. The medio-lateral knee motion in 2D was
used to evaluate the validity of the observational clinical test, and 3D data
was used to determine the movements of the lower limb during the test.
Methods: Twenty-ﬁve participants (mean age 25.6 years (SD 5.3), range
18-37, 17 women), without any back or lower limb pain/injury/problem
were recruited. To assess dynamic alignment, the participants performed
a single-limb mini squat. During this functional task, the position of the
knee over the foot was assessed by two musculoskeletal physical therapy
researchers and scored according to 2-point scale: 0 = “knee-over-foot”
(knee well aligned over or lateral to the 2nd toe); 1 = “knee-medial-to-foot”
(knee placed medial to the 2nd toe) (96% agreement between raters, and
80% agreement within raters). Simultaneously, 3D kinematic data were
collected at 120 Hz using a Vicon motion analysis system with eight M2
CMOS cameras (Vicon, Oxford, UK). Reﬂective markers were attached to
the pelvis and right lower limb, for the duration of testing. 2D peak tibial,
thigh, and knee varus-valgus angles, and 3D hip internal-external rotation,
knee varus-valgus, and knee ﬂexion-extension angles were calculated.
Results: Ten subjects were scored for having a “knee-medial-to-foot”
position and 15 subjects a “knee-over-foot” position assessed by clinical
observation. In 2D, the peak tibial angle (mean 89.0 (SD 2.2) vs mean 86.3
(SD1.4) degrees, p=0.001) and peak thigh angle (mean 77.4 (SD 3.1) vs
mean 81.2 (SD 1.9) degrees, p=0.001) were more medially placed, and the
knee was thus in more valgus (mean -11.6 (SD 4.6) vs -5.0 (SD 3.0) degrees,
p<0.001) in subjects with the “knee-medial-to-foot” position than in those
with a “knee-over-foot” position (Figure 1). In 3D, the hip was more
internally rotated in those with a “knee-medial-to-foot” than in those with
a “knee-over-foot” position (mean 10.6 (SD 6.6) vs 4.8 (SD 7.1) degrees,
p=0.049) (Figure 2), but there were no differences in knee varus-valgus
angle (mean 6.2 (SD 5.8) vs mean 5.0 (SD 4.6) degrees, p=0.589) or peak
knee ﬂexion angle (mean 44.6 (SD 6.9) vs 41.8 (SD 7.3) degrees, p=0.360).
Figure 1
Figure 2
Conclusions: The medio-lateral knee motion assessed by clinical obser-
vation is valid in 2D, showing a medially placed tibia and thigh, and
knee valgus in those with a “knee-medial-to-foot” position. The actual
movement, in 3D, is obtained using internal hip rotation. Thus, clinical
observation of the “knee-medial-to-foot” position during single-limb mini
squat is a measure of internal hip rotation.
